The capacity of herpes simplex virus to kill cells and to form both infectious centres and progeny virus was studied in cell culture. Two virus stocks were compared at various m.o.i. : (i) a standard virus stock and (ii) a stock which contained interfering virus particles (I particles). The formation of infectious progeny virus as well as of infectious centres appeared to be reduced by the action of I particles. In the examined virus stock I particles exceeded infectious particles by at least a factor of 5 to Io. More than 50 ~ of cells which could be demonstrated to be hit by I particles survived and formed colonies.
INTRODUCTION
In successive passages at high m.o.i, herpes viruses produce interfering (I) particles with the replication of progeny virus. At the same time various defective (D) particles are formed which are known not to contain the complete genetic information of standard virus (Bronson et aL I973; Ben-Porat et aL t974; Wagner et al. I974; Fleckenstein et al. ~975; Frenkel et al. 1975; Murray et al. I975; Schr6der et al. 1975/76) . With the exception of one case (Murray et al. I975 ) D particles could not be correlated with interference as it has been shown for a number of other animal viruses (Huang, I973) . Both D and I particles cannot be replicated in the absence of helper functions provided by infectious standard virus. Consequently virus stocks obtained after successive passages at low m.o.i, do not contain D or I particles.
It would be of great importance to separate I particles from infectious particles in order to study the I particle-cell interaction. So far, neither D nor I particles derived from herpes viruses have been physically separated from infectious virus as has been possible in the case of defective-interfering particles derived from vesicular stomatitis virus (VSV; Huang et al. 1966) . Physical separation might not be possible at all in the light of results obtained with pseudorabies virus which indicate that both D particles and infectious particles present in virus stocks passaged at high m.o.i. (HP stocks) display a similarly altered sedimentation behaviour when compared to standard virus particles (Ben-Porat et al. 1975) .
In this report we describe the identification of cells infected by I particles without being hit by infectious particles. We present evidence that in one HP stock of herpes simplex virus type I (HSV-I) strain ANG the number of I particles exceeded the number of infectious particles. In the absence of techniques which allow the physical separation of I particles and infectious particles, such an HP stock still allows one to determine certain properties of the I particles. In this study it could be demonstrated that infection with biologically active I particles does not necessarily lead to cell-killing. Stegmann et al. I978) . The ratio of physical particles to infectious particles was determined to be 3o:I for both LP 5 and HP I8. Virus particle counting was performed by mixing a sample of a virus stock with an equal vol. of a suspension containing a known number of polystyrene latex spheres. A droplet of the mixture was layered on to a carbon coated electron microscopic grid and negative-stained with phosphotungstic acid.
Infection of cell cultures. Monolayers of 1.5 x io 8 RC-37 cells per plastic Petri dish (6o ram) or of 6 x io 0 cells per milk flask (58 cm 2) were infected with various dilutions of virus in a final vol. of I.o ml or 2. 5 ml respectively of medium Mr99 (Morgan et al. I95o ) supplemented with 5 ~ foetal bovine serum. Adsorption was carried out for I h at 37 °C. Subsequently, the infected monolayers were washed by aspiration and either further incubated for the formation of progeny virus in 5 ml and Iz ml respectively of medium M ~99, or processed to quantify the formation of infectious centres and the fraction of surviving cells as described below.
Quantification of plaque-forming progeny virus. The production of infectious progeny virus in infected cultures was stopped unless indicated otherwise 24 h after the addition of the infecting virus by freezing and thawing twice. Low speed supernatants of the lysates were assayed for the presence of plaque-forming virus as described by Russell 0962).
Infectious centre assay. In order to determine the fraction of cells producing infectious progeny virus, infected cell cultures were dispersed to single-cell suspensions by incubating with trypsin-EDTA I h after infection. Appropriate dilutions of these suspensions were seeded together with z x Io0 dispersed RC-37 indicator ceils in plastic Petri dishes (6o ram) containing 5 ml of basal Eagle's medium supplemented with I ~ (w/v) carboxymethylcellulose (CMC) and Io ~ (v/v) foetal bovine serum. The formation of plaques was monitored after three days at 37 °C. All cells in cultures infected with standard virus at m.o.i. higher than 2 gave rise to infectious centres in this assay.
Cell-killing assay: single-cell survival. Virus induced cell-killing was quantified following a modified procedure originally described by Marcus & Puck (I958) . Infected cell cultures were dispersed to single-cell suspensions I h after infection. Appropriate dilutions were seeded in 6o mm plastic Petri dishes containing 5 ml of basal Eagle's medium (To ~, v/v, FBS) to which I.o ~ (w/v) CMC had been added to prevent spurious cell-killing by superinfection from newly released virus. After incubation for 8 days at 37 °C the cultures were fixed in 4 % (v/v) formalin, stained and the number of colonies counted. The same results were obtained when goat anti-HSV serum was added to the medium in a I:2o dilution instead Virus neutralization. Virus preparations were incubated for 30 min at 37 °C with a I : 5 dilution of goat anti-HSV serum in medium MI99. Goat antiserum had a 50 ~ plaque reduction titre of I : 512.
U.v.-inaetivation of virus.
Virus stocks were exposed to u.v. light at 40 ergs/mm2/s.
During the irradiation time of I2 min, the sample (25 ml in I45 mm Petri dishes) was kept at o °C. Upon this treatment the infectivities of the stocks were reduced Ioo-fold.
Purification of HSVpartieles. HSV particles contained in the virus stock HP I8 were pelleted in a Spinco SW27 rotor 45 min at 24000 rev/min at 4 °C. The virus was suspended in oq5 M-NaC1 and 0.02 M-tris pH 7"5 and sedimented through a Io to 3 ° ~ (w/v) neutral sucrose gradient containing o'I5 M-NaCI and o.oz M-tris HCI pH 7"5-Centrifugation was carried out in a Spinco SW27 rotor for 25 min at 2I ooo rev/min and 4 °C. Plaque-forming virus was determined in gradient fractions. The purification procedure resulted in a 6o loss of the initial infectivity. Table I shows that at a m.o.i, of 5 the HSV-I ANG virus stock HP I8 (Stegmann et al. I978 ) yielded three log units less infectious progeny virus than the standard virus stock LP 5. Co-infection of cells with HP I8 and a standard virus stock, LP 5, reduced the titre of infectious progeny virus approx. Ioo-fold, as compared to infection with standard virus. A reduction in the yield of infectious progeny virus was also observed when infectious HP I8 virus, purified by sedimentation through a neutral sucrose gradient, was used for co-infection with standard virus (Table 0-The observed interference was apparently due to particles which sedimented at the same rate as infectious virus particles. The I particles contained in the HP I8 virus stock lost their capacity to interfere with the replication of standard virus upon either exposure to u.v. light or upon treatment with goat anti-HSV serum (Table i) .
RESULTS

Presence of interfering particles in an HP virus stock of HSV-z ANG
The following experiment demonstrated that interference is not mediated by a factor released into the medium from cells infected with I particles. Two populations of cells, infected separately with standard virus and with stock HP I8, were mixed and allowed to form progeny virus. Apparently the HP ~8 infected cells did not impede progeny virus formation of standard virus infected cells, contained in the same culture vessel ( Table 2) .
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Formation of progeny virus in cell cultures infected with standard and HP virus at various m.o.i.
If the biological activities of infectious virus particles in the standard and HP I8 virus stocks are identical, then one would expect that at sufficiently low m.o.i, the standard and HP virus would yield similar am nt of infectious progeny virus. Such low m.o.i, would correspond to the situation where the HP virus stock is diluted to such a degree that it is unlikely that a single cell is hit simultaneously by both an infectious and an I particle. The experimental data depicted in Fig. t 
Infectious centres and single cell survival in cell cultures infected with standard and HP virus at various m.o.i.
Cell survival and the formation of infectious centres was determined in cultures infected with either standard or HP I8 virus at m.o.i.s ranging from o.or to I.o. The fraction of cells giving rise to infectious centres was approximately the same up to the m.o.i, of o'o3 in both cases (Fig. ca) . At increasing m.o.i, above o'o3, however, the number of infectious centres in HP i8 infected cells was significantly lower than that obtained in standard virus infected cultures. The fractions of surviving cells in the same cultures (Fig. 2b) suggested that both standard virus and HP I8 virus had a similar capacity to kill cells with HP I8 being somewhat more effective above an m.o.i, of o.i. It should be expected that the percentage of cells giving rise to infectious centres and the percentage of surviving cells measured at any given m.o.i, add up to ioo ~, provided that cell-killing is fully reflected in the formation of infectious centres. A comparison of Fig. 2(a) and Fig. 2(b) demonstrates that this is true in cultures infected with standard virus, whereas, in the case of HP I8 infection, the sum of these percentages was considerably lower than Ioo ~ at m.o.i, from o-I to I.o. This indicates that in the HP 18 infected cultures cell-killing occurred much more frequently than the formation of infectious centres. 
The ratio of l particles to infectious particles in stock HP z8
The formation of progeny virus (Fig. I) as well as the number of infectious centres ( The resulting titres of infectious progeny virus are depicted in Fig. 3. Fig. 3 shows furthermore the respective values for cultures infected exclusively with standard virus at the same m.o.i, applied for co-infection with HP 18. Although only one out of five cells was hit by an infectious HP 18 virus only a slight increase in the formation of infectious progeny virus was observed when the m.o.i, was raised to t.o by adding infectious standard virus. The presence of I particles is reflected by the constant difference between progeny virus titres in LP 5 infected and HP I8 co-infected cultures. However, an increase in m.o.i, from I.o to Io.o resulted in a Io-fold increased yield of progeny virus. These results clearly indicate that in the virus stock HP I8 l particles exceeded infectious particles by a factor of at least 5 to IO. In addition the data suggest that interference not only depends on the presence of I particles but also on the ratio of infectious particles to I particles in an infected cell.
The above experiment allows one to make a minimum estimate of the number of I particles. An additional experiment was carried out in an attempt to assess the actual number of I particles in the HP stock. Parallel cultures were co-infected with standard virus at a con- where 65 ~ of the cells are hit by one or more I particles corresponding to a multiplicity of I I particle/cell. Since the m.o.i, was o.06 one can estimate the ratio of I particles/ infectious particles to be in the range of I5 to 2o. This value is close to the value 30, determined for the physical particle/infectious particle ratio (Methods).
I particles and cell-killing
The excess of I particles over infectious particles in HP ~8 made it possible to study the question whether I particle-cell interaction necessarily leads to cell death. (Table 3 )-This finding indicates that the vast majority of cells upon HP I8 infection were hit by I particles. Taking into consideration the cell survival data, it follows that I particle-cell interaction does not necessarily lead to cell death even though I particles apparently were capable of interfering with the formation of progeny virus.
Infection of cultures at a m.o.i, of o.2 with HP I8 4 h prior to infection with standard virus at the same m.o.i., yielded low amounts of infectious progeny virus similar as observed after simultaneous double-infection (Table 3) . Apparently the capacity of I particles to interfere was stable within the cells for 4 h, although only a small fraction of the cells was infected by progeny producing virus particles.
DISCUSSION
Virus-cell interaction was studied in HSV-I ANG comparing a standard virus stock (LP 5) with a virus stock containing an excess of I particles (HP I8). Interference was shown to be not mediated by a factor released into the culture medium and resulted in a decreased formation both of progeny virus and infectious centres.
In cell cultures infected with stock HP I8 at m.o.i, above o'o3 significantly more cells were killed than cells which formed infectious centres. We have reported previously (Stegmann et al. ~978 ) that interference in HSV-I ANG infection was reflected in a reduced maturation of newly formed virus DNA into virus particles whereas the over-all synthesis of virus DNA was not affected. It is conceivable from these findings that a fraction of the killed cells had replicated virus DNA but formed no infectious virus particles. This fraction of the killed cells could be responsible for the lower number of infectious centres upon HP I8 infection as compared to LP 5 infection ( Fig. 2a and Table 3 ). Another fraction of cells could have been killed as a consequence of multiple infection with I particles. This fraction of killed cells could cause the differences observed in single-cell survival (Fig. 2b and Table 3) .
A separation of I particles present in HP stocks of herpes viruses from infectious virus particles is not possible at the moment. Little is known therefore about the physical and the biological properties of I particles. In this report an HP HSV-I ANG stock which apparently contains more I particles than infectious particles is described. This virus stock provided the possibility to study I particle-cell interactions.
In cultures infected at low m.o.i, with stock HP I8 a fraction of cells could be identified which was hit by I particles but not by progeny producing virus particles. From the given data it can be concluded that the interaction between biologically active I particles and cells does not necessarily lead to cell-killing. Purified defective-interfering particles of vesicular stomatitis virus (VSV) have been shown to be incapable of cell-killing (Marcus & Sekellick i974) . Furthermore, these particles do not produce RNA transcripts in detectable amounts.
We have shown that, once cells are hit by one or more than one HSV-I particles the I particles retain their capacity to interfere with the formation of progeny virus for at least 4 h. This might make it feasible to separate viable cells carrying I particles from cells which were killed as a consequence of virus-cell interaction in order to investigate the intracellular events following infection with I particles derived from HSV. does not correlate to the cyclic appearance and disappearance of interfering particles. Secondly, similar results concerning interference as described in this study have been obtained with an HP stock (HP 3) that contained only 2 to 3 ~ defective particles. One could therefore hypothesize that I particles contain standard genomes which are modified in an unknown way.
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